Abstract. Non-small cell lung cancer (NSCLC) presents severe threats to the lives of patients. Gefitinib is one of the first-line drugs available for the treatment of NSCLC in the clinical setting. The present study investigated the effects of gefitinib on NSCLC H1650 cell viability and apoptosis via MTT assays and flow cytometry. Western blot analysis was employed to detect tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) expression levels in H1650 cells. In the present study, H1650 cells were treated with TRAIL siRNA or an empty plasmid vector control, followed by gefitinib treatment to investigate apoptosis. Gefitinib treatment markedly inhibited H1650 cell viability, induced apoptosis and reduced TRAIL expression levels. TRAIL interference enhanced H1650 cell apoptosis induced by gefitinib. TRAIL overexpression suppressed gefitinib-induced H1650 cell apoptosis. In addition, gefitinib induced NSCLC H1650 cell apoptosis by downregulating TRAIL expression levels.
Introduction
Non-small cell lung cancer (NSCLC) is one of the most common types of cancer worldwide, and has become the leading cause of cancer-associated mortality in China within the previous 5 years (1). NSCLC includes a variety of cancer types, including large cell carcinoma, squamous cell carcinoma and adenocarcinoma. Compared with SCLC, NSCLC proliferates more slowly and metastasizes later (2, 3) . NSCLC accounts for ~85% of total lung cancers and >80% of patients diagnosed with NSCLC are in middle-or late-stage disease (4) . Therefore, the 5-year survival rate of NSCLC is relatively low (1) . As NSCLC seriously threatens the lives of patients, investigation is required to develop a therapeutic method for the treatment of NSCLC (5, 6) .
As with other types of cancer, chemotherapy, radiotherapy and surgery serve critical roles in the treatment of NSCLC. However, the aforementioned methods are associated with various disadvantages and insufficiencies (7) (8) (9) . Radiotherapy has been demonstrated to have the best curative effect for NSCLC (10) . Radiotherapy mainly targets lymphatic metastasis and primary tumors, with chemotherapy serving an auxiliary role (11, 12) . Chemotherapy presents marked curative effects on NSCLC; however, bleeding and other side effects have been reported (13) . Surgery has the greatest limitation, as it is not applicable for patients with complications or those >70 years old (14, 15) . Therefore, investigations into the molecular mechanism of NSCLC occurrence and development are required, and may provide valuable information for clinical practice.
Gefitinib exhibits significant curative effects on NSCLC, but its detailed molecular mechanism remains poorly understood (16) . The present study aimed to investigate the effects of gefitinib on NSCLC H1650 cell viability and apoptosis. Gefitinib may be used alone or in combination with other chemotherapy drugs for the treatment of NSCLC (17) (18) (19) . Gefitinib is an antagonist of the tyrosine protein kinase of epidermal growth factor receptor (EGFR). Generally, gefitinib serves an antitumor role by inhibiting EGFR tyrosine protein kinase activity (20) . Gefitinib significantly inhibited the proliferation of tumor cells, and also reduced lung cancer tumor growth, invasion and metastasis in a rat model (21, 22) . However, the knockdown or overexpression of EGFR in vitro or in vivo failed to alter NSCLC cell sensitivity to gefitinib, indicating that gefitinib may have a novel target or molecular mechanism underlying NSCLC (23, 24) .
Tumor necrosis factor-related apoptotic inducing ligand (TRAIL) is a novel member of the tumor necrosis factor family (25) . TRAIL is highly expressed within activated T lymphocytes and may induce apoptosis via interaction with its ligands, including death receptor 4 (DR4) and DR5 (26 (27) . The present study aimed to investigate the regulatory role and associated mechanism of gefitinib on NSCLC H1650 cell viability and apoptosis in vitro, and may provide valuable information for NSCLC treatment in the clinical setting.
Materials and methods
Reagents. High-glucose Dulbecco's modified Eagle's medium (DMEM) was purchased from Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). Trypsin, EDTA, poly-l-lysine, Hanks buffer, penicillin and streptomycin were obtained from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany). Phosphate-buffered saline (PBS) and dimethyl sulfoxide (DMSO) were purchased from Beijing Dingguo Changsheng Biotechnology Co., Ltd. (Beijing, China). MTT reagent, fluorescein isothiocyanate (FITC)-Annexin V and Caspase 3 Activity Assay kit were obtained from Beyotime Institute of Biotechnology (Haimen, China). TRAIL small interfering RNA (siRNA) and control siRNA were synthetized by Sangon Biotech Co., Ltd. (Shanghai, China). TRAIL plasmids were produced in-house. TRAIL and β-actin antibodies were obtained from Sigma-Aldrich; Merck KGaA.
Cell culture. The H1650 cell line was purchased from the American Type Culture Collection (Manassas, VA, USA) and cultured in high glucose DMEM medium at 37˚C and 5% CO 2 .
Transfection. H1650 cells were cultured at 50% density 1 day prior to transfection. N-[1-(2,3-Dioleoyloxy) propyl]-N, N, N-t r imethyla m monium methyl-sulfate (DOTAP) Liposomal Transfection Reagent (Sigma-Aldrich; Merck KGaA) was used for transfection. TRAIL siRNA (cat. no. 1027423; Qiagen Sciences, Inc., Gaithersburg, MD, USA) or control siRNA (cat. no. 1027310; Qiagen Sciences, Inc.) (1 µg) were cloned into a TRAIL plasmid with the DOTAP liposomal transfection reagent (Sigma-Aldrich; Merck KGaA) at room temperature for 3 min. The mixture was then added to the cells and maintained for 12 h at room temperature. The cells were cultured for a further 24 h following the replacement of medium and subsequent experimentation.
MTT assay. H1650 cell viability was investigated by colorimetry as previously described (28) . Un-transfected H1650 cells were washed in DMEM and treated with 7 µl MTT solution (0.1 M, pH 7.2). The cells were cultured at 37˚C and 5% CO 2 for 4 h and subsequently washed in DMEM, followed by the addition of 50 µl DMSO for 15 min to dissolve the purple formazan. The plate was analyzed at 540 nm.
Flow cytometry. Flow cytometry was employed to investigate phosphatidylserine expression on the H1650 cell surface as previously described (29) . A total of 1x10 4 H1650 cells were incubated with FITC-Annexin V dye and Annexin Binding Buffer (Thermo Fisher Scientific, Inc.) for 16 min at room temperature. Subsequently, the cells were analyzed using a flow cytometer (BD FACSCalibur™) at 465 (emitted light) and 630 nm (absorbed light) and data were analyzed by BD Cell Quest Pro software, version 5.1 (BD Biosciences, Franklin, NJ, USA).
Caspase-3 activity detection. As previously described, H1650 cell caspase-3 activity was determined using a microplate reader (9) . A total of 1x10 4 H1650 cells were treated with Cell Lysis Buffer (Cell Signaling Technology, Inc., Danvers, MA, USA) for 30 min on ice and incubated with a chromophore p-nitroaniline (pNA) (Included in the caspase-3 activity assay kit) at room temperature for 18 min. Finally, the cells were read on microplate reader at 490 nm.
Western blot analysis. TRAIL expression levels in H1650 cells were analyzed via western blotting as described previously (17) . The cells were lysed on ice for 30 min using Cell Lysis Buffer (Cell Signaling Technology). Following centrifugation at 10,000 x g for 5 min at 4˚C, the protein was quantified using Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Inc.) and separated by 10% SDS-PAGE electrophoresis (10 µg/lane). Then the protein was transferred to a polyvinylidene fluoride membrane and blocked with 5% skimmed milk at room temperature for 1 h. Subsequently, the membrane was incubated with a TRAIL primary antibody (cat. no., T9191) (dilution, 1:1,000) and β-actin primary antibody (cat. no., SAB5500001) (dilution, 1:2,000) for 2 h at room temperature. The membrane was then incubated with HRP-conjugated goat anti-rabbit secondary antibody (cat. no., AP187P; dilution, 1:1,000; Sigma-Aldrich; Merck KGaA) for 2 h at room temperature and washed with PBST three times. Finally, the membrane was treated with an enhanced chemiluminescence agent (Thermo Fisher Scientific, Inc.) and analyzed. ImageJ software version 1.51 (National Institutes of Health, Bethesda, MD, USA) was used for data analysis.
Statistical analysis. All statistical analyses were performed using SPSS software and data were presented as mean ± standard deviation (SD) A Levene's test was first performed to detect normal distribution. One-way analysis of variance with Student-Newman-Keuls multiple comparison post-hoc analysis was used for comparison of the means (16). P<0.05 was considered to indicate a statistically significant difference. 
Results
Gefitinib inhibits H1650 cell viability. As presented in Fig. 1 , an MTT assay revealed that H1650 cell viability was markedly declined following treatment with 1 µg/ml gefitinib (P=0.0067).
Gefitinib induces H1650 cell apoptosis.
Flow cytometry demonstrated that the phosphatidylserine levels on the H1650 cell surface were significantly increased compared with levels in the control (P=0.023; Figs. 2 and 3) .
Gefitinib decreases TRAIL protein expression levels.
Western blot analysis demonstrated that, compared with the control, TRAIL protein expression levels were markedly declined following treatment with 1 µg/ml gefitinib (P<0.05; Fig. 4) .
TRAIL knockdown enhances gefitinib-induced H1650 cell apoptosis. H1650 cells were transfected with TRAIL siRNA and treated with gefitinib. As presented in Fig. 5 , caspase-3 activity was markedly increased in response to gefitinib treatment (P=0.011).
TRAIL plasmid transfection reduces gefitinib-induced cell apoptosis. H1650 cells were initially transfected with a TRAIL-containing plasmid and were subsequently treated with gefitinib. As presented in Fig. 6 , caspase-3 activity was significantly weakened following gefitinib treatment (P=0.013).
Discussion
NSCLC severely threatens the lives of patients, but the molecular mechanism of NSCLC remains to be further investigated (1) . A recent study suggested that microRNAs may serve a regulatory role in NSCLC cell proliferation and survival (29, 30) . The present study aimed to investigate the effects of gefitinib on H1650 cells. The results suggested that gefitinib significantly reduced H1650 cell viability and may have caused H1650 cell apoptosis.
To further analyze the molecular mechanism of gefitinib on NSCLC H1650 cells, various doses of gefitinib (1, 2, 5 and 10 µm) were applied for varying durations (12, 18, 24, 30 and 36 h) to H1650 cells (data not shown). Gefitinib may induce H1650 cell apoptosis in a dose-and time-dependent manner, which is highly consistent with other reports on different types of cancer cells. Additionally, gefitinib exhibited an antitumor effect by inducing apoptosis (3, 15, 19) . Single TRAIL knockdown may not cause apoptosis; however, TRAIL is an important member of the anti-apoptotic proteins, which exhibit anti-apoptotic effects under apoptotic conditions. Its single knockdown did not cause apoptosis, which was the same as the mechanism of other anti-apoptosis proteins, including B-cell lymphoma 2 (Bcl-2) and Bcl-extra large.
There were three main observations of the present study: i) Gefitinib suppressed H1650 cell viability, induced H1650 cell apoptosis and downregulated TRAIL protein expression without affecting the genetic level; ii) TRAIL interference enhanced H1650 apoptosis induced by Gefitinib; and iii) TRAIL overexpression inhibited gefitinib-induced H1650 apoptosis. These results suggested that gefitinib induced the apoptosis of NSCLC H1650 cells by reducing TRAIL expression levels.
The present study also had several drawbacks and limitations: i) How gefitinib regulated TRAIL expression levels was not confirmed; ii) gefitinib-induced H1650 cell apoptosis via the downregulation of TRAIL expression levels was not investigated in an animal model; and iii) clinical cancer and para-carcinoma tissues were not obtained to investigate the association between gefitinib treatment, TRAIL expression levels and potential curative effects. Taken together, the results of the present study confirmed that gefitinib induced the apoptosis of NSCLC H1650 cells by decreasing TRAIL expression levels.
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